The aims of the current work were to evaluate the hepatoprotective effect of calendula flowers and/or thyme leave extracts on aflatoxins (AFs)-induced oxidative stress, genotoxicity and alteration of p53 bax and bcl2 gene expressions. Eighty male Sprague-Dawley rats were divided into eight equal groups including: the control group, the group fed AFs-contaminated diet (2.5 mg/kg diet) for 5 weeks, the groups treated orally with thyme and/or calendula extract (0.5 g/kg b.w) for 6 weeks and the groups pretreated orally with thyme and/or calendula extract 1 week before and during AFs treatment for further 5 weeks. Blood, liver and bone marrow samples were collected for biochemical analysis, gene expression, DNA fragmentation and micronucleus assay. The results showed that AFs induced significant alterations in oxidative stress markers, increased serum AFP and inflammatory cytokine, percentage of DNA fragmentation, the expression of pro-apoptotic gene p53 and bax accompanied with a decrease in the expression of bcl2. Animals treated with the extracts 1 week before AFs treatment showed a significant decrease in oxidative damage markers, micronucleated cells, DNA fragmentation and modulation of the expression of pro-apoptotic genes. These results suggested that both calendula and thyme extracts had anti-genotoxic effects due to their higher content of total phenolic compounds.
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Keywords Aflatoxins Á Calendula Á Thyme Á sqRT-PCR Á Gene expression Á Liver Introduction Aflatoxins (AFs) are biologically active secondary metabolites mostly produced by certain species of Aspergillus molds including Aspergillus parasiticus, Aspergillus nominus, and Aspergillus flavus (Bedard and Massey 2006) . There are four naturally occurring AFs, the most hepatotoxic being aflatoxin B 1 (AFB 1 ), and three structurally similar compounds namely aflatoxin B 2 (AFB 2 ), aflatoxin G 1 (AFG 1 ) and aflatoxin G 2 (AFG 2 ). AFs not only contaminate food stuffs but are also found in edible tissues, milk and eggs after consumption of contaminated feed by farm animals (Bennett and Klich 2003; Fink-Gremmels 1999) . AFB 1 is a mutagenic compound and a contaminant of many food sources, especially in some parts of Africa and Asia and are recognized as one of the most potent hepatocarcinogens in humans and many animal species (Abdel-Wahhab et al. 2010; Hassan et al. 2012) . Its genotoxicity requires activation by cytochromes P450 and the formation of AFB 1 -8, 9-epoxides (Gallagher et al. 1996) . Although the mechanism underlying the hepatotoxicity of AFs is not fully understood, several reports suggest that toxicity may ensue through the generation of intracellular reactive oxygen species (ROS) like superoxide anion, hydroxyl radical and hydrogen peroxide (H 2 O 2 ) during the metabolic processing of AFB 1 by cytochrome P450 in the liver (Towner et al. 2003; Sohn et al. 2003) . These species may attack soluble cell compounds as well as membranes, eventually leading to the impairment of cell functioning and cytolysis (Berg et al. 2004 ). Moreover, AFB 1 carcinogenicity has been associated with altered expression of many p53-target genes and induction of mutations, principally the p53 codon 249 hotspot mutation (Josse et al. 2012) .
In recent years, active principles with diverse chemical structures have been isolated from plants reportedly possessing hepatoprotective effects. Thyme (Thymus vulgaris) can be used fresh or dried as a spice. Essential oils extracted from fresh leaves and flowers can be used as aroma additives in food, pharmaceuticals and cosmetics (Javanmardi et al. 2002) . Thyme also possesses various beneficial effects, e.g. antiseptic, carminative, antimicrobial and antioxidative properties (Baranauskiene et al. 2003; El-Nekeety et al. 2011) . Calendula L. (Asteraceae), usually known as ''marigold'', is a reputed medicinal plant with ornamental properties. The yellow or orange-colored flowers are used as food dye, spice, and tea as well as tincture, ointment or cosmetic cream. The genus calendula is usually indigenous to the southern European region (Rejsková et al. 2010) . It is grown in northern parts of Africa and is named as ''African marigold'' (Muley et al. 2009 ). It has become quite important in phytotherapy due to its healing effects against dermatological diseases (Bedi and Shenefelt 2002; Leach 2008; Fronza et al. 2009 ). The plant has been reported to contain mainly carotenoids, flavonoids, phenolic acids, and triterpenes (Wojciak-Kosior et al. 2003; Kishimoto et al. 2005) . The aim of the current study was to evaluate the protective role of thyme and calendula extract singly or in combination against AF-induced genotoxicity, DNA damage and oxidative stress in rats.
Materials and methods

Chemicals and kits
Glutathione peroxidase (GPx) and superoxide dismutase (SOD) kits were purchased from Randox (Antrim, UK). Malondialdehyde (MDA) kit was purchased from Oxis Research TM Co. (Foster City, CA, USA). Alpha fetoprotein (AFP) kit was purchased from Monobind Inc. (Lake Forest, CA, USA). Interleukin1b (IL-1b) and tumor necrosis factor-alpha (TNF-a) kits were purchased from Orgenium (Helsinki, Finland). All other chemicals were of the highest analytical grade available.
Preparation of aflatoxin-contaminated diet
The AFs were produced via fermentation of mycotoxins free rice with A. parasiticus NRRL 2999 as described (Shotwell et al. 1966 ) and modified by Demet et al. (1995) . The fermented rice was autoclaved, dried and ground to a powder and the AFs content was measured by HPLC (Hustchins and Hagler 1983) . The AFs within the rice powder consisted of 79.4 % B 1 , 14.3 % B 2 , 5.2 % G 1 and 1.1 % G 2 based on total AFs in the rice powder. The rice powder was incorporated into the basal diet of rats to provide the desired level of 2.5 mg of AFs/ kg diet. The diet containing AFs was analysed and the presence of parent AFs was confirmed and determined as mentioned above. The safety measures recommended by WHO (1998) were taken when handling the AFcontaminated diet.
Plant materials Thyme (T. vulgaris) and calendula (Calendula officinalis) were purchased from the local market. The plants were identified by the Department of Medicinal Plants, National Research Center and vouchers were kept in the herbarium of NRC.
Preparation of thyme and calendula extracts Dried and ground flowers of calendula and leaves of thyme (50 g) were subjected to extraction with 400 ml of ethanol (95 %) for 48 h. The extracts were filtered and concentrated under reduced pressure of nitrogen and completely evaporated in a vacuum oven at a temperature not exceeding 40°C until constant weights were obtained.
Determination of total phenolic contents of the extracts
The concentration of phenolics in the extracts was determined using the method of Jayaprakasha and Rao (2000) . In brief, 5 mg of each extracts was dissolved in a 10 ml mixture of acetone and water (6:4 v/v). Samples (0.2 ml) were mixed with 1 ml of tenfold diluted FolinCiocalteu reagent and 0.8 ml of sodium carbonate solution (7.5 %). The absorbance was measured at 765 nm using UV-160 IPC UV-visible spectrophotometer (Shimadzu, Tokyo, Japan) after 30 min at room temperature. Estimation of phenolic compounds as catechin equivalents (CE) was carried out using a standard curve of catechin (Jayaprakasha et al. 2003) .
Experimental animals
Three-months old male Sprague-Dawley rats (100-120 g, purchased from the animal house colony, Giza, Egypt) were maintained on standard lab diet (protein: 160.4; fat: 36.3; fiber: 41 g/kg and metabolizable energy of 12.08 MJ) purchased from Meladco Feed Co. (Aubor City, Cairo, Egypt). Animals were housed in a room free from any source of chemical contamination, artificially illuminated and thermally controlled at the Animal House Lab., National Research Center (Dokki, Cairo, Egypt). After an acclimatization period of 1 week, the animals were divided into eight groups (10 rats/group) and housed in filter-top polycarbonate cages. All animals have received humane care in compliance with the guidelines of the Animal Care and Use Committee of the National Research Center (Dokki, Cairo, Egypt).
Experimental design
Animals within different treatment groups were treated daily for 6 weeks as follows: group (1), untreated control; group (2), animals fed AFs-contaminated diet (2.5 mg/kg diet) for 5 weeks; group (3), animals treated orally with thyme extract (0.5 g/ kg b.w) for 6 weeks; group (4), animals treated orally with calendula extract (0.5 g/kg b.w) for 6 weeks; group (5) animals treated orally with thyme and calendula extracts for 6 weeks; group (6), animals pretreated orally with thyme extract for 1 week before and during AFs treatment for further 5 weeks; group (7), animals pretreated orally with calendula extract for 1 week before and during AFs treatment for further 5 weeks and group (8), animals pretreated orally with calendula and thyme extracts for 1 week before and during AFs treatment for further 5 weeks. At the end of the treatment period, blood samples were collected from the retro-orbital venous plexus from each animal under ether anesthesia. Blood samples were left to clot and the sera were separated using cooling centrifugation at 3,000 rpm for 15 min and stored at -20°C until analysis. The sera were used for the determination of AFP, TNF-a and IL-1b according to the instructions of the analytical kits.
After the collection of blood samples, all animals were killed by cervical dislocation and samples of the livers were weighed (approximately 0.05-0.1 g) and homogenized in phosphate buffer (pH 7.4) to give 20 % (w/v) homogenate. This homogenate was centrifuged at 1,700 rpm at 4°C for 10 min and the supernatant was stored at -70°C until analysis. This supernatant was used for the assessment of GPx, MDA and SOD according to the instructions of the kits. Other samples of liver and bone marrow of each animal were dissected for molecular and cytogenetic studies.
Micronucleus assay
Femur bone marrow was used for analysis of micronucleus formation by scoring micronucleated polychromatic erythrocytes (Mn-PCEs) and normochromatic erythrocytes (Mn-NCEs) as described by Heddle (1973) . The Mn-NCEs were prepared according to the Cytotechnology (2014) 66:457-470 459 method described by Salamone et al. (1980) . A total of 2,000 erythrocytes was analyzed per rat and the micronucleus frequency in both cell types was determined. The ratio of polychromatic erythrocytes (PCEs) to normochromatic erythrocytes (NCEs) was calculated to determine the cytotoxicity.
DNA fragmentation
Deoxyribose sugar derived from DNA gives a bluish color in presence of perchloric acid and diphenylamine reagent. The latter could be measured spectrophotometrically at 575 nm. DNA fragmentation in liver tissue was carried out according to the method described by Sambrook et al. (1989) and the modifications described by Xu et al. (1996) . In brief, 10-20 mg of liver tissue were grinded in 400 ml hypotonic lysis buffer (10 mM Tris base, 1 mM EDTA and 0.2 % Triton X-10) and the cell lysate was centrifuged at 11,000 rpm for 15 min at 4°C. The supernatant containing small DNA fragments were separated; one-half the volume was used for gel electrophoresis and the other half, together with the pellet containing large pieces of DNA were used for quantification of fragmented DNA by the Diphenyl amine. Extracted DNA was reconstituted in 12 ml of Tris-EDTA buffer and 3 ml loading buffer. The samples were incubated at 37°C for 20 min then electrophoresed on 1 % agarose gels containing 0.71 mg/ml ethidium bromides. At the end of the runs, gels were examined using UV transillumination. The percentage of DNA fragmentation was calculated.
Agarose gel electrophoresis
A gel was prepared with 2 % agarose containing 0.1 % ethidium bromide and was electrophoresed using the submarine gel electrophoresis machine. The DNA was visualized and photographed with illumination under UV light.
Gene expressions
RNA extraction
Immediately after the animals were sacrificed, samples of liver tissues were taken and frozen in liquid nitrogen and stored at -80°C prior to extraction. Total RNA was extracted from 50 to 100 lg of each sample by the standard TRIzol extraction method (Invitrogen, Paisley, UK). The solution of extracted RNA was recovered in 100 ll molecular biology grade water. The total RNA samples were pretreated using DNA-free TM DNase to remove any possible genomic DNA contamination. These steps were performed according to manufacturer's protocol (Ambion, Austin, TX, USA).
Reverse transcription
The complete Poly(A) ? RNA isolated from the liver samples was reverse transcribed into cDNA in a total volume of 20 ll using 1 ll oligo (dT) primer. The composition of the reaction mixture, termed as master mix (MM) , consisted of 50 mM MgCl 2 , 200 U/ll reverse transcriptase (RNase H-free), 109 reverse transcription (RT) buffer (50 mM KCl; 10 mM TrisHCl; pH 8.3), 10 mM of each dNTP and 50 lM of oligo (dT) primer. The reaction was carried out at 25°C for 10 min, followed by 1 h at 42°C and finished with a denaturation step at 99°C for 5 min. The reaction tubes containing RT preparations were flash cooled in an ice chamber until being used for cDNA amplification through polymerase chain reaction (PCR) (Brun et al. 2006; Abdel-Aziem et al. 2011b ).
Polymerase chain reaction (PCR)
The first strand cDNA from different liver samples was used as templates for PCR with a pair of specific primers. The sequences of specific primers and product sizes are listed in Table 1 . The reaction mixture for semi-quantitative-PCR in a total volume of 20 ll consisted of 10 mM dNTP's, 50 mM MgCl 2 , 1 U/ll Taq polymerase, 109 PCR buffer (50 mM KCl; 20 mM Tris-HCl; pH 8.3) and autoclaved water. The PCR cycling parameters were one cycle at 95°C for 4 min, 50 cycles at 94°C for 30 s, 55-60°C for 30 s, 72°C for 60 s and a final cycle at 72°C for 7 min. The PCR products were then loaded onto 2.0 % agarose gel with PCR products derived from b-actin of the different rat samples (Kronmiller et al. 1995; Hassan et al. 2012 ).
Statistical analysis
All data were statistically analyzed with the General Linear Model Procedure of the Statistical Analysis System (SAS 1982) . The significance of the differences among treatment groups was determined with the Waller-Duncan k-ratio (Waller and Duncan 1969) . All statements of significance were based on a probability of P B 0.05.
Results
Total phenolic contents of the ethanolic extract of both thyme and calendula extract are presented in Fig. 1 . These results revealed that the total phenolic content of the ethanolic extract of calendula was higher than that of thyme extract.
The results presented in Table 2 revealed that animals treated with AFs showed a significant increase in the tumor marker AFP. However, no significant difference was observed in serum AFP in the animals treated with thyme and/or calendula extracts. Animals fed AFs-contaminated diet and treated with thyme or calendula extract showed a significant improvement in the level of serum AFP although it was still higher than in the control group. On the other hand, animals fed AFscontaminated diet and having received the combined treatment of thyme plus calendula were comparable to the control (Table 2) . The effect of different treatments on serum inflammatory cytokines (Table 2) revealed that serum TNF-a and IL-1b were significantly increased in the group fed AFs-contaminated diet. However, animals treated with thyme or calendula extracts were comparable to the control group. The combined treatment of thyme and calendula extracts resulted in a significant decrease in the level of these inflammatory cytokines. On the other hand, animals fed AFs-contaminated diet and treated with thyme or calendula extract showed a significant improvement in these parameters. This improvement was more pronounced in the group treated with calendula extract. Moreover, animals fed AFs-contaminated diet and treated with two extracts were comparable to the control group regarding to the level of TNF-a and IL-1b. Antisense 5 The results of MDA in liver tissue (Table 3 ) showed a significant increase in the animals fed AFs-contaminated diet. Both thyme and calendula extracts alone or in combination succeeded to decrease MDA in liver tissue. Moreover, calendula alone was more effective than thyme and the combined treatment was more effective than the single extracts. The activity of hepatic GPx and SOD (Table 3) showed a significant decrease in the group fed AFs-contaminated diet. The extracts singly or in combination resulted in a significant increase in these antioxidant enzymes activities. This increase was pronounced in the group treated with calendula extract and was more pronounced in the group treated with both thyme and calendula extracts.
The results of the current study indicated that animals fed AFs-contaminated diet showed severe bone-marrow toxicity as indicated by the significant increase in total number of PCEs compared to the control group (Table 4) . Animals treated with thyme alone or in combination with calendula were comparable to the control group; however, those treated with calendula alone showed a significant decrease in MnPCEs compared to the control group. Animals fed AFs-contaminated diet and treated with thyme or calendula extracts showed a significant increase in the number of PCEs and a reduced number of Mn-NCEs although they were still significantly different from the control group. On the other hand, animals fed AFscontaminated diet and treated with thyme plus calendula were comparable with the control group regarding the number of PCEs and the normalized PCE/NCE ratio ( Table 4) .
The results presented in Table 5 indicate that the percentage of DNA fragmentation in the liver of animals fed AFs-contaminated diet was significantly increased compared to the control group. Animals treated with calendula alone or plus thyme showed an insignificant increase in the percentage of DNA fragmentation. However, those treated with thyme alone showed a significant decrease in DNA fragmentation in liver tissue. On the other hand, animals fed AFs-contaminated diet and having received thyme or calendula alone or in combination showed a significant reduction in the percentage of DNA fragmentation relative to the control values although these treatments did not normalize it. DNA fragmentation in response to exposure to AF was also detected by gel show the ratio of optical density of p53/b-actin expression in the liver of the controls and the treated animals. These results indicated that p53 expression was significantly increased in AFs-treated animals compared to the controls. However, those fed AFs-contaminated diet and treated with thyme and/or calendula showed a significant decrease in p53 expression. Moreover, thyme and/or calendula themselves did not induce any significant effect on the expression of p53. Meanwhile, the ratio between bax/b-actin indicated an over expression in bax compared to the ratio between control Bcl-2/b-actin (Figs. 3, 5 ) which increased in the animals treated AFs (2.4) compared to the control group (0.87). On the other hand, the ratio of Bcl-2/b-actin (Figs. 4, 5) was decreased in animals fed AFs-contaminated diet (0.8) compared to control Bcl-2/b-actin ratio (1.17). Treatment with thyme succeeded to reduce the ratio of expression of mRNA bax from 2.4 in the AFstreated group to 1.38 in the group treated with AFs plus thyme extract. While the treatment with calendula resulted in a further reduction in the expression ratio of mRNA bax to reach 1.17 compared to the AFs alone treated group. A higher reduction in the ratio of bax/bactin was observed in the group fed AFs-contaminated diet and treated with thyme plus calendula. Moreover, treatment with thyme increased the expression of mRNA Bcl-2/b-actin ratio from 0.8 in AFs-treated group to reach 1.3 in the group treated with AFs plus thyme. However, treatment with calendula extract increased the ratio to 1.44. Animals fed AFs-contaminated diet and treated with thyme plus calendula showed a further increase in the ratio of Bcl-2/b-actin.
Discussion
Nowadays there is an increased interest in natural products which may counteract the detrimental effects of environmental toxic compounds and prevent multiple diseases in humans. In this concern, different types of natural products have been re-evaluated and recognized as valuable sources of nutraceuticals. According to several reports, calendula and/or thyme extracts contain important nutrients and exhibit antioxidant functions. Moreover, it is well known that the extraction of active ingredient compounds from plant material depends on the type of solvent used in the extraction procedure (Majhenic et al. 2007 ). The results of the present study revealed that the total phenolic compounds of the ethanolic extract of both plants are high. These results are in agreement with those reported recently by Rababah et al. (2010) .
In the present work, we evaluated the protective effect of calendula and/or thyme extracts in rats by monitoring their effects on oxidative stress, genotoxicity and cell death pathway induced by AFs. The selected dose of AFs, thyme were based on our previous work (Abdel-Wahhab and Aly 2003; Hamzawy et al. 2012, respectively) however; the dose of calendula extracts was literature based (Gladine et al. 2007 ). Exposure to AFs is one of the major risk factors in the etiology of human hepatocellular carcinoma and AFB 1 is a potent hepatocarcinogen when given sub-chronically at a low level. AFB 1 generates ROS and causes oxidative DNA damage which may play a major role in its carcinogenicity (Yang et al. 2000; Abdel-Wahhab and Aly 2003; Abdel-Aziz et al. 2005 ). Alpha-fetoprotein (AFP) is considered a specific biomarker for the development of liver cancer. The significant elevation of AFP reported herein in AFs-treated rats may be due to induction of expression of mRNAs of liver AFP (Yang et al. 2000) . Moreover, AFB 1 -induced hepatocarcinogenesis is associated with defective DNAdamage response by passing via p53 activation (Yuzugullu et al. 2011 ) and modulation of insulin-like growth factor 2 (IGF-2) dependent signal axis (Ubagai et al. 
Control
AFs TE CE TE + CE AFs + TE AFs + CE AFs + TE + CE Bcl-2 gene expression Fig. 4 The ratio between Bcl-2/b-actin in rat treated with AFs alone or in combination with thyme extract (TE) and/or calendula extract (CE). Values represent mean ± SE for each group. Column superscripts with different letter are significantly different (P B 0.05) 2010). Similar to the current observation, AFB 1 administration resulted in the elevation of serum AFP levels in both ducks (Sell et al. 1998 ) and rats (Yang et al. 2000; Abdel-Wahhab et al. 2006 ). Tumor necrosis factor-alpha and interleukin-1 alpha (IL-1a) are produced by macrophages and they play an important role in tumor progression (Moon et al. 1999; Abdel-Wahhab et al. 2006 ) and TNF-a is an essential factor in tumor promotion (Suganuma et al. 2000) . Furthermore, interleukin-1 polymorphisms are important mediators in the inflammatory process (Rollinson et al. 2003) . TNF-a is one of the major inflammatory mediators secreted by activated macrophages and is involved in many crucial events for the initiation of both acute and chronic inflammation, such as regulating the production of several cytokines, up-regulation of the expression of adhesion molecule and activation of leukocyte-specific chemotactic cytokines (Zhou et al. 2009 ). Moreover, it plays a causal role in the development of liver injury (Barton et al. 2001) , modulating mycotoxin-induced hepatotoxicity (Voss et al. 2006 ) and in mediating the proliferation and differentiation of immune cells and the development of immune response (Cao et al. 2008 ). In the current study, the ingestion of AFscontaminated diet significantly increased TNF-a and IL-1a suggesting that AFs preferentially affect macrophage functions. In particular, it decouples the close correlations usually observed between transcriptional and translational controls of IL-1a and TNF-a production by these cells (Hopkins 2003) .
The hepatic antioxidants represent the major defense against toxic liver injury, and they act antiapoptotic. The oxidative damage caused by AF is considered to be the main mechanism leading to the subsequent hepatotoxicity (Preetha et al. 2006) . Moreover, AFB 1 may disturb the integrity of cell membranes through stimulating phospholipid A2 to initiate lipid peroxidation in cells (Rastogi et al. 2005 ). In the current study, animals fed AFscontaminated diet suffer from oxidative stress as indicated by the significant increment of lipid peroxidation (MDA) and the significant reduction of enzymatic antioxidant such as SOD and GPx. These results are in agreement with previous reports which suggested that oxidative stress may be due to direct effect of AFs themselves or by their metabolites and the generation of free radicals during the formation of these metabolites (Abdel Wahhab et al. 2010; Aly 2003, 2005; Kanbur et al. 2011; Abdel-Aziem et al. 2011a) . Moreover, the reduction of protein synthesis in AFs-treated animals may affect certain metal ions (i.e. iron and copper), which play an important role in free radical production and liberation. In normal state, these metal ions are bound to transfer proteins, such as ceruloplasmin and transferrin (Vladimirov 1998; Gitto et al. 2009 ). Consequently, the activities of the enzymes SOD, CAT and GSH-Px, which constitute the enzymatic antioxidant defense system of the cell, undergo direct changes, either in the form of increase or decrease, depending on the particular tissue. The results also indicated that rats received AFs showed a high percentage of Mn-PCEs in bone marrow cells. It is acknowledged that an increase in this frequency is associated with an increased overall risk of cancer (Abdel-Aziem et al. 2011b; Hassan et al. 2012) . Similarly, micronucleus damage and an increase in Mn-PCEs by AFB 1 were previously reported in mice (Madrigal-Santillán et al. 2006 ) and support the earlier findings which indicate that AFs are potent mutagens (Abdel-Wahhab et al. 2006) . It is well known that AFs are activated by the hepatic cytochrome P450 enzyme system to produce a highly reactive intermediate, AFB 1 -8, 9-epoxide, which subsequently binds to nucleophilic sites in DNA and the major adduct 8, 9-dihydro-8-(N 7 guanyl)-9-hydroxy-AFB 1 (AFB 1 N 7 -Gua) is formed (Sharma and Farmer 2004) . The formation of AFB 1 -DNA adducts is regarded as a critical step in the initiation of AFB 1 -induced hepatocarcinogenesis (Preston and Williams 2005; Abdel-Wahhab et al. 2006) . These genotoxic endpoints are well known markers of genotoxicity and any reduction in the frequency of these genotoxic endpoints gives an indication of the antigenotoxicity of a particular compound (Albertini et al. 2000 ). In the current study, treatment with AFs induced oxidative damage in rats and DNA fragmentation in liver. There is a tendency for AFs especially AFB 1 to convert into the epoxide and produce DNA adducts resulting in the formation of DNA strand breaks and mutations (Eaton and Gallagher 1994) . Indeed, the current results showed that treatment with AFs induced a significant DNA fragmentation in liver cells compared to the control animals since no specific DNA fragments were observed in the control group.
The current results also showed that AFs induced higher expressions of p53 and bax pro-apoptotic proteins in liver tissues. The same treatment induced a down-regulation of the antiapoptotic protein Bcl2. Similar to our results, Ranchal et al. (2009) reported that AFs induced DNA damage, reduced p27 expression and increased cell death in cultured hepatocytes. The involvement of AFs in DNA damage reported herein and its correlation with biomarkers of cellular oxidative stress and apoptosis induction were also evaluated. Oxidative stress can be considered as an apoptosis inducer and many agents that induce apoptosis are either oxidants or stimulators of cellular oxidative metabolism (Chandra et al. 2000) . This is the case of AFs which induced oxidative stress and apoptotic cell death. Biological responses mediated by expression of bax gene mRNA are dependent on receptor-associated signaling complex proteins. It is well documented that the increased bax/b-actin ratio indicates that apoptosis is favored in a variety of cells (Horn et al. 2000) . Susceptibility toward bax-mediated apoptosis depends on expression of the bax receptor, intact bax-signaling pathways and the absence of apoptosis-inhibiting molecules that interfere with bax signal transduction pathways. In the current study, mRNA FAS expression in liver was increased in AFstreated rats. During AFs-induced liver injury, damaged hepatocytes may be eliminated by up regulating their constitutive expression of bax. The lethal signal to remove injured cells is potentially delivered by infiltrating or resident immune cells that bear bax (Messmer et al. 2001) .
It is now accepted that the oxidative damage caused by AF is considered to be the main mechanism leading to the subsequent hepatotoxicity (Preetha et al. 2006) . In a previous work, we reported that the main components of thyme oil are carvarcrol, thymol, bphellandrene, linalool, humuline, a-phellandrene and Myrcene. However, a and b-pinene, Myrcene, athyjone, tricyclene, 1, 8-cineole, and b-sabinene were found in lower concentrations (El-Nekeety et al. 2011) . Consequently, the possible antioxidant effect of thyme may be attributed mainly to carvacol and thymol (Alam et al. 1999; Hassan and Barakat 2008; Aristatile et al. 2009; El-Nekeety et al. 2011 ). On the other hand, calendula contains carotenoids, flavonoids, phenolic acids and triterpenes (Kishimoto et al. 2005; Ercetin et al. 2012) . The higher content of flavonoids, quinones, volatile oils and carotenoids confirmed its free radical scavenging and antioxidant activity (Cordova et al. 2002; Muley et al. 2009 ).
In the current study, administration of either thyme and/or calendula extracts succeeded to counteract the oxidative stress resulted from AFs. The antioxidant compounds in thyme and calendula extracts exhibited potent antioxidant activity comparable to the known antioxidants, BHT and a-tocopherol (Lee and Shibamoto 2002) . Considering the abundance of these aromatic compounds in natural plants, the total activity may be comparable to those of known antioxidants. Furthermore, ingestion of these aromatic compounds may help to prevent oxidative damage such as lipid peroxidation which is associated with cancer, premature aging, atherosclerosis and diabetes (Lee et al. 2005; Verma and Nair 2001) . In the same concern, Hassan and Barakat (2008) and El-Nekeety et al. (2011) reported that thyme has a protective effect attributed to its content of polyphenol compound. Generally the protective role of both herbs can be attributed to the antioxidant effect and their free radical scavenger properties.
The current results revealed that both thyme and calendula extracts succeeded to restore AFP and IL-1b to normal levels and reduced TNF-a in rats treated with AFs. These results suggest that thyme extract possess an anti-inflammatory activity due to thymol content which was found to inhibit human elastase activity (Dal Sassoa et al. 2006) . Moreover, thyme is known to inhibit a large number of inflammatory cytokines such as TNF-a, enterotoxins A and B and alpha-hemolysin production in Staphylococcus aureus isolate (Qiu et al. 2010 ). In addition, caravacol has been described as promoter for liver regeneration and inhibitor in TNF-a and IL-6 level in rats undergoing partial hepatectomy (Uyanoglu et al. 2008) . Furthermore, carvarcrol in thyme decreases TNF-a and IL-1b levels in intoxicated rats through the suppression of cycloxygensae-2 (COX-2) mRNA and protein causing repression of inflammation (Tsai et al. 2011) . Another mechanism by which thyme extract may possess antiinflammatory response was suggested as thyme is able to modulate transcription factors such as NF-jB that play critical roles in inflammation, immunity, cell proliferation, differentiation, and survival in both in vitro and in vivo (Paur et al. 2010) . On the other hand, calendula extract induced its chemoprotective properties through its ability to stimulate T-lymphocytes, B-lymphocytes and a subset of CD4 ? T cells (Barajas-Farias et al. 2006; Jimenez-Medina et al. 2006 ) beside its crucial role in the prevention of DNA damage (Frankič et al. 2009 ).
The protective effects of both thyme and calendula extracts against the genotoxicity of AFs were further studied. Rats treated by thyme and/or calendula extracts showed a significant reduction in the percentage of Mn-NCEs in bone marrow cells and prevent DNA fragmentation induced by AFs. Indeed, as indicated earlier, treatment with AFs induced a significant DNA fragmentation in liver cells of treated animals. Administration of thyme and/or calendula extracts to AFs-treated animals showed a significant restoration of DNA integrity. These results were in agreement with those reported by Frankič et al. (2009) who noticed that calendula extract decreased DNA fragmentation in young growing pigs. On the other hand, Hassan and Barakat (2008) indicated that thyme treatment protected testicular DNA and reduced the percentage of DNA fragmentation. The protection, afforded by either thyme and/or calendula extract against AFs-induced genotoxicity is likely due to their ability to inhibit oxidative processes induced by the mycotoxin. This protective effect could be the result of direct free radical scavenger properties (Lee et al. 2005; Hassan and Barakat 2008) .
It is well known that phenolic compounds, which are powerful antioxidants, found in both herbs could also react with membrane phospholipid bilayers to break the chain reaction initiated by ROS (Lee and Shibamoto 2002) . However, it can not be excluded that these extracts acts as antigenotoxic complexes which enhance the DNA repair system or DNA synthesis (Nogueira et al. 2006; El-Nekeety et al. 2011) . As described for other polyphenols such as flavonoids, they inhibit microsomal activation or protect DNA strands from the electrophilic metabolite of the mutagen compounds. These compounds may inhibit several metabolic intermediates and ROS formed during the process of microsomal enzyme activation which are capable of breaking DNA strands (Muley et al. 2009 ).
The modulator effect of either thyme or calendula extracts on AFs toxicity reported herein was attributed to some alterations in the cell death pathway. It is well documented that P53 and Bax/Bcl-2 ratios play an important role in determining whether cells will undergo apoptosis. The current results showed that treatment with AFs induced higher expressions of p53 and bax pro-apoptotic proteins in liver tissues. AFs treatment also induced a down-regulation of the antiapoptotic protein Bcl2. Similar to these results, Ranchal et al. (2009) reported that AFs-induced DNA damage reduced p27 expression and increased cell death in cultured hepatocytes. Meanwhile, treatments with the extracts plus AFs induce an anti-apoptotic effect via inhibition of p53 and bax genes expression which indicated the modulation of the p53 dependent apoptotic pathway to restrict AFs toxicity. In general, the protective effects of the extracts are mainly due to the radical scavenging properties and the enhancement of antioxidant capacity (Chandra et al. 2000) .
Conclusion
It could be concluded that thyme and calendula extracts are hepatoprotective against AFs and enhanced the activities of liver function, as evidenced by the decrease in MDA, micronulueus PCEs and DNA fragmentation. They showed a potential protection against AFs-induced genotoxicity and decreased the expressions of pro-apoptotic proteins p53 and bax. The mode of action of theses extracts might be through the prevention and/or scavenging of ROS. Therefore, these plants have anti-genotoxic properties due to their higher content of total phenolic compounds and should be considered as an accessible source of natural antioxidants.
